The aim of this study was to investigate the acute effects of nanosilver as potentially dangerous additives to assess the mortality effects of this nanotechnology product on one of the valuable and important species of Caspian Sea. We compared the toxicity of different sized silver nanoparticles (AgNPs) which are being widely used with Iranian consumers due to its unique antimicrobial activity. Ecotoxic assessments of AgNPs from two Iranian companies of nanotechnology (Nanocid1: average particle size of 18 nm and Nanosil1: average particle size of < 100 nm) and silver salt (AgSO 4 ) were conducted on the Caspian roach (Rutilus rutilus caspicus). Fish were exposed to technical doses of Nanocid (0, 0.01, 0.1, 0.5, 1, 2.5 and 5 ppm), nominal doses of Nanosil (0, 0.2, 2, 20, 50, 100 and 200 ppm) and technical doses of silver sulfate (0, 0.001, 0.01, 0.1, 0.5, 1 and 2 ppm). The median lethal concentration (LC 50 ) was determined with probite analysis. The estimated 96-h LC 50 values (95% confidence limits) for Nanocid, Nanosil and silver salt were 0.028 (0.017-0.046), 41.799 (32.314-52.139) and 0.003 (0.001-0.006) ppm, respectively. LC 50 of silver in silver salt was lower than other products. The present study demonstrates that nano-Ag was seen to be less toxic than dissolved Ag þ to Caspian roach. Based on the results of this study, it is suggested that industrial and commercial applications of AgNPs should be more carefully and thoroughly assessed as to their potential toxic effects to the aquatic environment and Caspian roach populations.
Introduction
Acute toxicity data can help identify the mode of toxic action of a substance and may provide information on doses associated with target-organ toxicity and lethality that can be used in setting dose levels for repeated-dose studies. This information may also be extrapolated for use in the diagnosis and treatment of toxic reactions in humans. The results from acute toxicity tests can provide information for comparison of toxicity and dose response among members of chemical classes and help in the selection of candidate materials for further work (Hedayati and Jahanbakhshi, 2012) . Nanoparticles (NPs) are increasingly being used, or being evaluated for use, in many fields. Silver is one of the most commonly used NPs due to its bactericide effect (Farkas et al., 2011) . Products based on silver nanoparticles (AgNPs), such as odor resistant textiles, food packaging, cosmetics, household appliances and medical devices, may release Ag particles (NPs or aggregates) or Ag þ ions via effluent discharge into the aquatic environment (Benn and Westerhoff, 2008) . Despite the dramatic increase in the use of these NPs, little data are available about their potential harmful effects on the ecosystems. Most research on the toxicity of NPs comes from mammalian studies that have focused on respiratory exposure or from in vitro assays using mammalian cells (Lovern et al., 2007) . Widely used NPs, such as Department of Fishery, Faculty of Fisheries and Environment, Gorgan University of Agricultural Science and Natural Resources, Gorgan, Iran AgNPs, will most likely enter the ecosystem and may produce a physiological response in many animals, possibly altering their fitness and might ultimately change their densities or community populations. Open access literature regarding the toxicity of NPs is still emerging, and gaps still exist in our knowledge of this area (Pal et al., 2007) .
Toxicological research on NPs are more limited, with only a few studies on the acute toxic effects of NPs on aquatic animals (Farkas et al., 2011; Handy and Shaw, 2007) . In fish research, few ecotoxicological studies on aquatic organisms have been performed, so in current study conventional median lethal concentration tests were conducted on the Caspian roach, as they may provide insights into the potential toxic effects of AgNPs on aquatic environments and introduce most toxicant material from Iranian common companies. Given the importance of Rutilus rutilus caspicus in freshwater ecosystems, information concerning the ecotoxicity of widely used nanomaterials on these species could be valuable in relation to aquatic nanoecotoxicology. To compare the toxicity of AgNPs to that of silver ions, the toxicity of silver ions was also examined in R. rutilus caspicus, the same toxic end points as used in the AgNPs toxicity assay.
Materials and methods

Experimental animals
Live specimens of the Caspian roach (3.5 + 0.32 g, 7.3 + 0.65 cm) were purchased from Bony Fish Propagation and Rearing Center of Sijeval (Bandar Torkaman, Gorgan, Iran). Fish were transferred to Aquaculture Research Center of Gorgan University of Agricultural Sciences and Natural Resources and acclimated to the laboratory conditions for 2 weeks. Fish were cultured in 12 fiberglass tanks (400 L). Fish were fed commercial trout food (Biomare, 0.8 mm in diameter, 45% crude protein and 24% crude lipid) during the acclimation period under continuous aeration condition but were fasted for 24 h before the start of the experiments.
Water
Water (dechlorinated tap water) was renewed daily, and the water quality parameters were measured twice a week (using portable pH/temp meter, oxygen meter, photometer 7100, Wagtech, UK) during the acclimation period. Moreover, water quality parameters were monitored daily during the experimental period with no substantial changes recorded throughout acclimation and experimental period (Table 1 ).
Toxicant
In this study, the effective doses of AgNPs and Ag salt were compared, so two nano products from Iranian nanotechnology companies (Nanocid1 and Nano-sil1) were compared with silver sulfate salt.
Nanocid, a water-soluble form of colloidal, brown, AgNPs called Nanocid-L2000, was used. Its concentration was 4000 mg/L (stock solution) with an average NP size of 18 nm. This was a P-series powder product that was made by Nano Nasb Pars Company, Tehran, Iran, for antimicrobial purposes. We used effective dose of Nanocid with injection of 4000 ppm stock solution.
Nanosil, a water-soluble form of Ag ions size <100 nm, made by Kimiafaam Company, Tehran, Iran, were homogenously dispersed in deionized water by sonication. As we did not have the exact effective dose of Nanosil, during the toxicity test it was used as a nominal dose. Ag salt (silver sulfate): To compare the toxicities of AgNPs and Ag ions, AgSO 4 salt (Merck-Germany) aqueous in deionized water was used.
Acute toxicity experiment
Only healthy fish, as indicated by their activity and external appearance, were maintained alive on board in a fiberglass tank. Samples transferred to a 400-L aerated tank equipped with aeration using 200 L of test medium. The acute toxicity test was conducted following the Organization for Economic Cooperation and Development guideline under static nonrenewable test conditions (OECD, 2002) . Groups of 21 fish were exposed for 96 h in fiberglass tank. 
Statistical analyses
Percentages of fish mortality were calculated for each silver concentration at 24, 48, 72 and 96 h of exposure.
Also the median lethal concentration (LC 50 ) values were calculated from the data obtained in acute toxicity bioassays, by Finney's (1971) method of ''probit analysis'' and with SPSS computer statistical software.
Results
The physicochemical characteristics of the test water are given in Table 1 . Water quality parameters throughout the acclimation and experimental period were similar and relatively stable. The mortality of silver doses for Nanocid 0, 0.01, 0.1, 0.5, 1, 2.5 and 5 ppm, Nanosil 0, 0.2, 2, 20, 50, 100 and 200 ppm and silver sulfate 0.001, 0.01, 0.1, 0.5, 1 and 2 ppm were examined during the exposure times at 24, 48, 72 and 96 h (Tables 2 to 4). Fish exposed during the period 24-96 h had significantly increased number of dead individual with increasing concentration. No mortality was observed in the control groups during the experiment. There were significant differences in the number of dead fish between the duration of 24-96 h in each. There was 100% mortality at 0.5 ppm of Nanocid and silver sulfate and 100 ppm of Nanosil concentration within 96 h after exposure for all fish, and no mortality at 0, 20 and 0 ppm within the exposure times for Nanosid, Nanosil and silver sulfate, respectively.
Median lethal concentrations of 1%, 10%, 30%, 50%, 70%, 90% and 99% test are givene in Table  5 . Because the mortality (or survival) data were collected for each exposure concentration in a toxicity test at various exposure durations (24, 48, 72, or 96 hours) , data can be plotted in other ways; the straight line of best fit is then drawn through the points. These were time-mortality lines. As the LC 50 of silver in Nanosil was higher than others, however silver sulfate had the lowest one. Statistical results of 96 h exposure for observed mortality, expected response and prob during probit analysis of studied parameters are given in Figures 1 to 3 . Toxicity testing statistical end points show that the lowest observed effect concentration (LOEC) were 0.01, 50 and 0.001 ppm and the no observed effect concentration (NOEC) were 0, 20 and 0 ppm for Nanocid, Nanosil and silver sulfate, respectively; however, the LC 50 had significant difference between parameters. The maximum acceptable toxicant concentration (MATC) for Nanocid, Nanosil and silver sulfate were 0.01, 4.6 and 0.002 ppm, respectively. 
Discussion
AgNPs have the most commonly used NPs in our planet, including in spectrally selective coatings for solar energy absorption, chemical catalysts and especially in antimicrobial sterilization, which has many applications made of one of the nonmaterials (Pal et al., 2007; Zhai et al., 2006) . LC 50 is the most widely accepted basis for acute toxicity test, and it is the concentration of the test chemical, which kills 50% of the test organisms after a particular length of time of exposure, usually 96 h. Aquatic toxicity tests may provide insights into the relative sensitivity of R. rutilus caspicus to AgNPs, which may also provide suitable data on the impact of NPs on water environment, as these species hold important positions in aquatic ecosystems. A significant increase in mortality was observed in Caspian roach exposed to 0.5 mg/L of Nanocid, Nanosil and silver sulfate. Figure 2 . Nanosil1 response curve of Caspian roach exposed to 96 h of acute toxicity test. 
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In recent years, silver and AgNPs are widely being applied to medical and agricultural uses (Scown et al., 2010) . With the increased applications, there has been an increased exposure of animals and eventually human exposure to AgNPs. It has been confirmed that AgNPs are translated into blood circulation and accumulated in some organs causing organotoxicity and eventually death (Tang et al., 2009) . Research regarding the AgNPs toxicities are rapidly increasing. AgNPs significantly increase cell death through oxidative stress-related mechanisms that cause DNA damage in animal cells (Hsin et al., 2008) . AgNPs also showed cytotoxicity and harmful effects on fish cell lines, embryos, larvae and adult fish. For example, medaka (Oryzias latipes) cell line was used to investigate the cytotoxicity and genotoxicity of 30 nm diameter silver nanospheres, which showed serious cytotoxicity (Wise Sr et al., 2010) . Also in the experimental models of this fish species at early life stages, the developmental toxicity of AgNPs was investigated following exposure to AgNPs at high concentrations (!400mg/l) (Wu et al., 2009) . In contrast to the fish embryonic research, in vivo studies using animal model seemed to show relatively weak toxicity. For example, it was reported in rats that no significant toxicological changes were observed during the 28-day inhalation of AgNPs (Tang et al., 2009) .
Results of the present study indicate that nanosilver is toxic to Caspian roach. Only a few acute toxicity tests have been conducted using AgNPs in fish. The acute toxicity results of the present work are also in agreement with the results of other workers. Griffitt et al. (2008) studied the acute toxicity of AgNPs (particle size of 26.6 + 8.8 nm) in zebrafish (Danio rerio), and 7.07 mg/L was reported as the 48-h LC 50 value in adult fish and 7.20 mg/L in larvae. Chae et al. (2009) found the 96-h LC 50 value of AgNPs (49.6 nm mean particle size, 99% purity) in Japanese medaka (Oryzias latipes) was 34.6 + 0.9 mg/L. Examining AgNP toxicity with two different commercially available AgNPs, Laban et al. (2010) reported that the 96-h LC 50 values of Ag-NPs in fathead minnow (Pimephales promelas) were 1.25 and 1.36 mg/L. In addition, the 48, 72 and 96 h LC 50 values of AgNPs (Nanocid) of rainbow trout were found 3.5, 3.0 and 2.3 mg/L, respectively (Shahbazzadeh et al., 2009) . Review of toxicity of NPs on fish by Shaw and Handy (2011) indicates that acute lethal concentrations are expressed as mg/L, rather than as mg/L. Toxicity of NPs is influenced by several factors, such as their size, shape, chemical composition, aggregation characteristics, surface area, surface charge and organism species. Among the large number of NPs available, AgNPs are of specific concern for fish and the aquatic environment. Silver ions can be released from the surface of AgNPs. Dissolved silver ions in the environment is one of the most toxic metals to fish and other aquatic organisms, being lethal even at low concentrations (mg/L; Webb and Wood, 1998) .
In determining the toxicity of a new chemical in fish, an acute toxicity test is first conducted to estimate the median lethal concentration (LC 50 ) of the chemical in water to which the organisms are exposed (Di Giulio and Hinton, 2008) . The relationship between the degree of response of test organisms and the quantity of exposure to the chemical almost always assumes a concentration-response form. As in our results the y-axis represents the percentage mortality and the x-axis represents the concentration of silver. Both variables increased with distance from origin. The cumulative responses to silver concentrations yield the sigmoid (S-shaped) curve (Di Giulio and Hinton, 2008) .There have been discussions regarding the comparative toxicity of AgNPs and Ag ions (Ji et al., 2007) . In spite of increase in the use of nanomaterials and their ubiquitous distribution in aquatic environments, little knowledge is available on their potential toxicity on aquatic animals (Wise Sr et al., 2010) . Considering the importance of Caspian roach, and the importance of the toxicity of NPs in ecotoxicity monitoring, the measurement of the mortality response in these species after exposure to NPs could provide useful data for aquatic monitoring.
In the current research, the toxicities of AgNPs on Caspian roach were evaluated. Our study comparing the toxicity of AgNPs and Ag ions suggested that Ag ions are slightly more toxic than AgNPs in terms of their effect on mortality potential, and it also appeared that different mechanisms exerted the toxicity of AgNPs and Ag ions. The results suggested that AgNPs may have toxic potential toward Caspian roach, and AgNPs-induced mortality might provoke higher level consequences, which could comprise a contribution to the knowledge on the aquatic toxicity of AgNPs on aquatic ecosystems, for which little data are available. However, further research on the mechanism behind AgNPs-induced damage and mortality are needed to better explain the ecotoxicity of AgNPs in Caspian roach. Overall, these results suggest that AgNPs may be toxic toward Caspian roach, which may contribute to the knowledge relating to the aquatic toxicity of AgNPs on aquatic ecosystems, for which little data are available.
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